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The Technology Application Center (TAC) is one of six NASA- 
sponsored, nonprofit, regional centers for the transfer of 
technology to industry, local government, and the private sector 
in general. Through TAC, access to most of the world's 
available technical information is conveniently and inexpensively 
provided to potential users, regardless of their size or technical 
interest area. 

Through i t s  professional staff, TAC offers a wide variety of 
technical information and technological support services. . 

I You are invited to contact the center directly for details and a 
discussion of how we can further serve your needs. 

Technology Application Center 
University of New Mexico 
Albuquerque, New Mexico 87131 
(505) 277-3622 

This material i s  disseminated under the auspices of the National 
Aeronautics and Space Administration in the interest of 
inforniation exchange. Neither the United States government no1 

or the use thereof. 
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. PREFACE 

HYDROGEN ENERGY is  a cont inuing  b ib l iog raph ic  summary 
wi th  a b s t r a c t s  of research and p r o j e c t i o n s  on t h e  s u b j e c t  
of hydrogen as a secondary f u e l  and a s  an energy c a r r i e r .  
The f i r s t  volume w a s  publ ished i n  January,  1 9 7 4  and i s  
cumulative through December of 1 9 7 3 ,  Addi t iona l  copies  
are a v a i l a b l e  from t h e  Technology Appl ica t ion  Center ,  
as are t h e  q u a r t e r l y  update series f o r  1 9 7 4 ,  1 9 7 5 ,  1 9 7 6  
and the f i r s t  q u a r t e r  of 1977. 

This  update t o  HYDROGEN ENERGY c i t e s  a d d i t i o n a l  r e fe rences  
i d e n t i f i e d  dur ing  t h e  second q u a r t e r  of 1 9 7 7 .  It  i s  
t h e  second i n  a 1977  q u a r t e r l y  series intended t o  pro- 
v ide  " c u r r e n t  awareness" t o  those  i n t e r e s t e d  i n  hydrogen 
energy. 

F o r  t h e  r e a d e r ' s  convenience, a series of  c r o s s  indexes 
are inc luded  which t r a c k  d i r q c t l y  wi th  those  of t h e  
cumulat ive volume. See "Guide t o  U s e  o f  t h e  Pub l i ca t ion .  

A l i b r a r y  conta in ing  some of t h e  a r t i c l e s  and publ ica-  
t i o n s  refe'renced i n  t h i s  update  and t h e  cumulative 
volune has been e s t ab l i shed  and t h e  Center will, on a 
cost-recovery basis,  a i d  r eade r s  t o  ob ta in  copies  of 
any c i t e d  m a t e r i a l . '  Although a cons iderable  e f f o r t  h a s  
been made t o  i n s u r e  t h a t  t h e  b ib l iography is  complete,  
r e a d e r s  a r e  encouraged t o  b r i n g  any omissions t o  t h e  
a t t e n t i o n  of t h i s  Center .  

d 
* 

The Technology Applicat ion Center  i s  one of s i x  I n d u s t r i a l  
Appl ica t ion  Centers  e s t ab l i shed  by N A S A ' s  Technology 
U t i l i z a t i o n  Program t o  eva lua te  and d isseminate  new 
technology t o  t h e  general  p u b l i c  and commercial bus iness ,  
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INTRODUCTION 

The paucity of techrrical papers in 
field is evident in this quarterly 

the hydrogen energy 
issue. One plausible 

explanation for the lack of relevant literature- is that 
some of Lle Fapers are being held for publication at 
regular forums such as the Miami Hydrogen Conferences 
and the IECEC. 

One of the edikors (Dr. M. Natarajan) will be leaving 
this organization forthwith and would like to take this 
opportunity to thank all those who are interested in 
Hydrogen Energy for 

We urge the readers 
us results of their 
m a y  have eluded our 
document. 

their support and cooperation. 

of t h e  publication to either send 
work or of work they know about that 
search for future inclusion in the 

.. . 
Dr. Kenneth E. Cox 
Professor, Chemical & 
Nuclear Engineering Dept. 

Dr. Mani Natarajan 
Technology Application 
*n+z 



GUIDE TO USZ OF THIS PUBLICATION 

A'number of f e a t u r e s  have been i n c o r p o r a t e d  t o  h e l p  t h e  
r e a d e r  u s e  t h i s  document. They c o n s i s t  of:  

I . -- A TABLE OF CONTENTS l i s t i n g  g e n e r a l  c a t e g o r i e s  
of s u b j e c t  c o n t e n t  and indexes .  More s p e c i f i c  
coverage  by s u b j e c t  k q w o r d ,  t i t l e ,  a u t h o r ,  o r  

p r i a t e  i n d e x ,  
- c o r p o r a t e  s o u r c e  is a v a i l a b l e  th rough  t h e  appro-  

-- CITATION NUKBERS a s s i g n e d  t o  each r e f e r e n c e .  These 
numbers, w i t h  the p r e f i x  o m i t t e d ,  a re  used i n s t e a d  
of page numbers t o  i d e n t i f y  r e f e r e n c e s  i n  t h e  v a r i o u s  
indexes .  They are a l so  used as TAC i d e n t i f i e r  
numbers when d e a l i n g  Ki th  docmient  o r d e r s  so p l e a s e  
u s e  t h e  -- e n t i r e  ( p r e f i x  i n c l u d e d )  c i t a t i o n  number when 
c o r r e s p o n d i n g  w i t h  TXC r s g a r d i n g  a r e f e r e n c e .  
open ended numbering system f a c i l i t a t e s  easy i n c o r -  
p o r a t i o n  of s u b s e q u m t  u s d a t e s  i n t o  t h e  o r g a n i z a t i o n  
of t h e  m a t e r i a l ,  I n  t h i s  system, numbers a s s i g n e d  
t o  new c i t a t i c n s  i n  each c a t e g o r y  w i l l  f o l l o w  d i r -  
ec t ly  t h e  l a s t  assigned numbers i n  t h e  p r e v i o u s  
p u b l i c a t i o n .  The c i t a t i o n  number of t h e  last refer- 
ence  o n  e a c h  page appea r s  on t h e  upper  r igh t -hand  
c o r n e r  of t h a t  page t o  f a c i l i t a t e  q u i c k  l o c a t i o n  of 
a s p e c i f i c  i t e m .  * 

An 

.r 

-- DIVIDER PAGES a t  t h e  beg inn ing  of e a c h  major sec- 
t i o n s  c o n t a i n i n g  t h e  s e c t i c n  nu-nber and  t i t l e .  
When a s u b s e c t i o n  h a s  n o  c i t a t i o n s  f o r  t h a t  p a r t i -  
c u l a r  u p d a t e ,  a d i v i d e r  page  w i t h  t h e  s u b s e c t i o n  
number and t h e  n o t i c e  "NO C i t a t i o n s  i n  T h i s  Category"  
is i n s e r t e d  where t h a t  s u b s e c t i o n  would normal ly  

. I  appear, 

-- A REFERENCE FORMAT c o n t a i n i n g  t h e  TAC c i t a t i o n  
number, f i t l e  of r e f c r e m e ,  a u t h o r ,  c o r p o r a t e  
a f f i l i a t i o n ,  r e f e r e n c e  s o u r c e ,  c o n t r a c t  o r  g r a n t  
number, abstra 'ct ,  and keywords. The r e f e r e n c e  
s o u r c e  t e l l s ,  t o  t h e  b e s t  o f ' o u r  knowledse,  where 
t h e  r e f e r e n c e  came from. I f  from a p e r i o d i c a l ,  t h e  
r e f e r e n c e  s o u r c e  c o n t a i n s  t h e  p e r i o d i c a l ' s  t i t l e ,  
volume number, page n u n k r ,  and d a t e .  If  f o r  a 
r e p o r t ,  t h e  r e f e r e n c e  s o u r c e  c o n t a i n s  t h e  r e p o r t  
number a s s i g n e d  by t h e  i s s u i n g  agency,  number of  
pages, a n d  d a t e .  



--An INDEX O F  AUTHORS a lphabe t i zed  by a u t h o r ' s  l a s t  
name. 
r e f e r e n c e ' s  c i t a t i o n  nurnber. 
each a u t h o r  i s  l i s t e d  i n  the index.  

A r e f e r e n c e ' s  au tho r  i s  fol lowed by t h e  
For m u l t i p l e  auA&ors, 

--An INDEX O F  PERMUTED TITLES/KEYWORDS a f f o r d s  access  
through major words i n  the  t i t l e  and. through an 
a s s igned  set  of keywords for each c i t a t i o n .  A r e f -  
e r e n c e ' s  t i t l e  i s  followed by t h e  r e f e r e n c e ' s  c i ta -  
t i o n  number. I n  the indexes,  a l l  the words p e r t a i n i n g  
to a r e f e r e n c e  a re  permuted a l p h a b e t i c a l l y .  
the c i t a t i o n  number f o r  a r e f e r e n c e  appears  as many 
t i m e s  'as t h e r e  are major t i t l e  words o r  keywords f o r  
t ha t  r e f e r e n c e .  T h e  permuted words run  down the c e n t e r  
of an  index page. T h e  r e s t  of me t i t l e  o r  keywords 
appear  a d j a c e n t  t o  a permuted word. 
or  set  of keywords i s  allowed only  one l ize  p e r  per- 
muted word t h e  beginning, the  end, or both  ends of a 
t i t l e  o r  s e t  of keywords may be c u t  o f f ;  o r ,  i f  space 
pe rmi t s ,  it w i l l  be  cont inued  a t  t h e  o p p o s i t e  s i d e  or' 
t h e  page u n t i l  i t  runs  back i n t o  i t s e l f .  
t h e  end o f  a t i t l e . o r  s e t  o f  keywords whi le  a / F s d i -  
cates where a t i t l e  o r  s e t  of keywords h a s  been c u t  
off w i t h i n  a l h e .  

Thus, 

Since a t i t l e  
- 

A + i n d i c a t e s  
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I I GENERAL: CONCEPTS, CONFERENCES, SURVEYS, REVIEWS 

H77 10279 INTERNATIONAL CONFERENCE ON HYDROGEN AND ITS PROSPECTS 

Soper, W.G., (Office of Naval Research London, England), 22 p . ,  
Dec 31, 1976, ONRL-C-49-76, ADA036 936/3WE 

Papers from the international conference 'Hydrogen and its 
Prospects' Liege, Belgium, 15-18 1976, are reviewed for their 
contribution to future production and utilization of hydrogen 
as a fuel. Principal emphasis is placed upon the production of 
hydrogen by electrolysis and thermochemical decomposition of 
water, and upon the comparison of these processes with synthetic 
f u e l  production from fossil resources. 
include hydrogen storage and its use as fuel in automobiles and 
aircraft. 

Other topics discussed 

(PRODUCTION, UTILIZATION, FUEL, ELECTROLYSIS) 

H77 10280 HOPES FLY HIGH FOR NEW HYDROGEN PROCESSES 

Kohn, P.M., Chemical Engineering, V 84, N6, Mar 1977 

major source of fuel. 
a large scale? Researchers are hoping to find an answer in 
electrolytic, thermochemical or hybrid systems. 

(FUEL, ECONOMICS, ELECTROLYSIS ; THERMOCHEMICAL, CYCLE) 

The abundance of hydrogen makes it attractive as a Dotential 
But how can it be produced economically on 

. 
.I 

H77 10281 ELECTROCHEMISTXY IN THE SOLAR ECONOMY 
... - 

Appleby, A.J., (Laboratoire d'Electrolyse du C.N.R.S., France) , From 
"Trends in Electrochemistry, " Bockris , Rand, Welch, eds . , Plenum 77 

technology is of the order of thirty years, valid discussion of 
the above topic is restricted to the 21st century. Any predic- 
tions concerning enersy utilization, or the state of society, at 
that time are necessarily hazardous, especially in view of the 
recent Ford Foundation Report on the energy future of the 
United States to the end of the present century. This report, 
which represents an extrapolation of current energy technology 
and conventional economic analysis, envisages a wide range of 
scenarios for what remains of the present fossil-fuel economy, 
involving vastly different predictions concerning energy 
consumption and G.N.P. 

Since the leadtime for the wisespread application of any new 

(ENERGY TECHNOLOGY, UTILIZATION, ECONOMICS) 

1 



I I I PRODUCTION 

H77 20563 HYDROGZN FROM THE WIND - A CLEAN ENERGY SYSTEM 

Dubey, E-, (Lockheed-California Company, Burbank, CA) , Technical  
Program 5 3 r  t h e  1977 Hel ioscience I n s t i t u t e  - Aii I n t e r n a t i o n a l  
Solar/Exergy Conference, Northrop Un ive r s i ty ,  CX, May 2-4 , 1 9 7 7  

It can be used as 
a subs t iz t l te  f o r  methane gas  o r  petroleum products  t o  provide both 
h e a t  o r  s Q w e r .  
p rocess s s ,  t h e  most important  of which i s  t h e  manufacture of  
ammonia- 
c o s t l y  2s demand has  o u t s t r i p p e d  supply and t h e  d i s c o v e r i e s  of  new 
n a t u r a l  f3s sources have diminished. Though hydrogen can be  manu- 
f a c t u r e c  2 r o m  o t h e r  energy resources, such as coal,  oil, and nuc lea r  
reactio;-,s, t h e s e  are  much more c o s t l y .  Thus, t h e r e  i s  a growing 
in t e re s t  Ln a l t e r n a t i v e  energy resources ,  e s p e c i a l l y  ones which are  
rep len izz3ble ,  such as solar  r a d i a t i o n ,  wind, and ocean thermal 
gradienzs.  The most advanced of t h e s e  i s  wind. 
process  zf conver t ing  wind energy t o  s t o r e d  hydrogen are  technologi-  
c a l l y  fk';*?loped and be ing  p u t  i n  t o  p r a c t i c e  commercially. 
the i r  ccxainat ion can be  accomplished immediately wi th  l i t t l e  r i s k .  

(WIND E S Z X Y ,  ELECTROLYSIS , WATER) 

Hy5r3gen i s  a c l e a n ,  non-polluting f u e l .  

I t  i s  also an important feeds tock  f o r  many chemical 

Natura l  gas ,  t h e  primary source f o r  hydrogen, is 'becoming 

A l l  s t e p s  i n  t h e  

Thus, 

. 
H77 211:: EFFICIENCIES OF ELECTROLYTIC AND THERMOCHEMICAL HYDROGEN 

PRODUCTION - 
Anon , S r - - - -  -.&e, V 253:257-258, N5489, Jan  24, 1975 

hydroger- -.ave been suggested as a b a s i s  f o r  an even tua l  hydrogen 
econony. f i r s t ,  e l e c t r o l y s i s  of water using nuc lea r  (or u l t i m a t e l y  
so la r ,  ;";thermal o r  thernonuclear)  e l e c t r i c i t y  and, second, therno- 
chemicr; Zycles us ing  nuc lear  hea t ,  i n  gene ra l  from a high tempera- 
ture x-_ - * mmnchemical prccesses, a series of  chemical 
s t e p s  1 2  2nvisaged t h a t  w i l l  allow t h e  Z i f f e r e n t i a l  s p l i t t i n g  or' the 
H 2 0  mol=c;le by means of  r e a c t i o n s  a t  d i f f e r e n t  temperatures  and 
w i t h  aF?::griate thermodynamic requirements t o  g i v e  high e f f i c i e n c y .  

(EXERGY LXSES , THERMODYNAMICS) 

Twz nethods n o t  i nvo lv ing  f o s s i l  f u e l s  f o r  manufacturing 

H77 27fX SOLAR ENERGY CONVERSION O F  WATEX TO HYDROGEN 

Anon, 
O c t  19-: 

' X L - ~  of NC, Greensboro),  Platinum M e t  Xev, V 20:123, N4, 

I 

1 
. i 

1 
i 
! 

2 
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I -  

. 

i 
I . 

A potentially most important discovery of a means of producing 
hydrogen from water by photochemical cleavage has been announced by 
a team led by Professor David G. Whitten of the Department of 
Chemistry in the University of North Carolina. The reaction, which 
could have a mayor impact on future energy requirements, involves 
a ruthenium complex, tris(2, 2'-bipyridine)ruthenium (11). Spread 
as a monolayer on sheets of glass, in contact with water and ir- 
radiated by light, these complexes give rise to a steady stream of 
molecular hydrogen and cxygen. 

(PHOTOCHEMICAL, RUTHENIUM, OXYGEN) 

H77 23634 NEAR-W PHOTON EFFICIEXCY IN A Ti02 ELECTRODE: APPLICA- 
TION TO HYDROGEN PRODUCTION FROM SOLAR ENERGY 

Desplat, J . L . ,  (Cent d'Etud Nucl de Saclay, Gif-sur-Yvette, France) , 
J Appl Phys, V 47:5102-5104, N U ,  Nov 1976 

under anodic polarization: a saturation current independent of pH 
and proportional to light intensity has been observed. Accurate 
measurements of the incident power lead to a 60% photon efficiency. 
A photoelectrochemical cell built with such an electrode, operated 
under so la r  irradiation without concentration, produced an electrolysis 
current of 0.7 mA/cm2 without applied voltage. 

(POLARIZATION, PHOTOELECTROCHEMICAL, CURRENT) 

An n-type (001) Ti02 electrode irradiated at 365 nm was tested 

H77 23635 ENERGY CONVERSION VIA PHOTnELECTROLYSIS* 

Nozik, A . J . ,  (Allied Chem Corp, Morristown, NJ) , 26 refs, Proc of 11th 
Intersoc Energy Convers Eng Conf, State-Line, NV, Sept 12-17, 1976 

Photoelectrolysis is a new energy conversion scheme in which 
optical energy is converted into chemical energy using photoactive 
semiconducting electrodes in a photoelectrochemical cell. The 
process is shown to involve multiphoton effects so that use can be 
made of visible light. A model f o r  photoelectrolysis is ?resented 
which encompasses the mechanism and the energetics of the process. 
Application of photoelectrolysis to the generation of hyarogen frcm 
water using solar radiation is discussed. 
efficiencies are presented for severa1,semiconductor electrode 
systems. These semiconductors have been studied in the form of 
single crystals and polycrystalline thin films. 
bility of photoelectrolysis as a potential scheme for the generation 
of hydrogen is discussed and comparisons are made with conventional 
hydrogen generating processes. 

Data on energy conversion 

The economic via- 

(SEMICONDUCTOR, ELECTRODE, EFFICIENCY) 
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H77 23636 PHOTOASSISTED ELECTROLYSIS O F  WATER: CONVERSION O F  OPTICAL 
TO CHEAXICAL ENERGY 

Wrighton, M . S . ,  Bo'lts, J . M . ,  E l l i s ,  A.B. ,  Kaison, S.W., (MIT, 
Cambridge, MA), 4 2  refs ,  ?roc of 11 th  I n t e r s o c  Energy Convers Eng 
Conf, State Line,  N V ,  Sep t  1 2 - 1 7 ,  1976 

t o  H 2  and 0 2  are descr ibed ,  Such cel ls  can,  i n  p r i n c i p l e ,  be used 
to e f f i c i e n t l y  conver t  soiar  energy t o  chemical energy i n  t h e  form 
of t h e  e l e c t r o l y s i s  products .  The basic p r i n c i p l e s ,  p o t e n t i a l  
advantages,  and c u r r e n t  problems associated wi th  photoelectrochemical  
cells as energy conversion devices  are o u t l i n e d ,  

Photoelectrochemical  cel ls  f o r  t h e  p h o t o e l e c t r o l y s i s  of  H20 

(SOLAR CZLLS , ELECTROCHEMISTRY) 

H77 23637 SOLAR PRODUCTION OF VEHICULAR FUELS 

Cox, K.EII (Ch'ernical and Nuclear Engineering Department, Univers i ty  
of New Mexico, Albuquerque, N M ) ,  Technical  Program f o r  t h e  1 9 7 7  
Hel iosc ience  I n s t i t u t e  - -An I n t e r n a t i o n a l  Solar/Energy Conference,  
Northrop Univers i ty ,  CA, May 2-4, 1977 * 

The r a p i d  dep le t ion  of our  domestic f o s s i l  f u e l  resource  base  
has  been and cont inues  t o  b e  an i s s u e  o f  g r e a t  concern.  Shortages,  
c u r t a i l m e n t s ,  and inc reased  dependence upon f o r e i g n  sources  of  energy 
are becoming t h e  r u l e  r a t h e r  than t h e  except ion.  This  s tudy examines 
the ro l e  of  so la r  energy, i t s  conversion t o  hydrogen, t h a t  can be 

e 

. 

stored, as an a l t e r n a t i v e  source 
end uses .  

a 

(SOLAR, HYDROGEN, ENERGY SOURCE) 

E77 23638 SOLAR-THE RMOCHEMI CAL 

o f  energy fo; v e h i c l e s  and o t h e r  

HYDROGEN PRODUCTION 

S c h u s t e r ,  J . R . ,  (General  Atomic Company, San Diego, CA) , Technical  
Program f o r  t h e  1977 Hel ioscience I n s t i t u t e  - An I n t e r n a t i o n a l  Solar/  
Energy Conference,  Northrop Universi ty ,  CA, May 2 - 4 ,  1977  

needs.  Where the technology e x i s t s  and t h e  economics are a t t n c c i l J e ,  
so la r  energy systems are already being s u c c e s s f u l l y  implemented. 
An example of t h i s  i s  t h e  solar h e a t i n g  and coo l ing  of  bu i ld ings .  
Cons iderable  a t t e n t i o n  i s  also being given to t h e  a p p l i c a t i o n  or' 
so la r  energy f o r  producing e l e c t r i c i t y .  
e l e c t r i c i t y ,  however, t h e r e  is a major problem wi th  s o l a r  energy: 
d i u r n a l ,  i n t e r r u p t i b l e  s u n l i g h t  makes energy s t o r a g e  a n e c e s s i t y .  
Due t o  the  cost  of  energy s torage  and t h e  c o s t  of backup qene ra t ing  
c a p a b i l i t y ,  c e n t r a l  s ta t ior ,  s o l a r  e l ec t r i c  p l a n t s  are  p ro jec t ed  t o  
have o n l y  l i m i t e d  a p p l i c a t i o n ,  and only  i n  t h e  in t e rmed ia t e  load  
and peaking ca t egor i e s .  For a s o l a r  energy p l a n t  t o  be base loaded 
it w i l l  have t o  have t h e  c a p a b i l i t y  f o r  s t o r i n g  energy f o r  pe r iods  
i n  e x c e s s  of 24 hr .  

Solar energy, as a prims-ry energy fo rn ,  can meet many of  s o c i e t y ' s  

P a r t i c u l a r l y  i n  producing 

( S O U R ,  STORAGE, DECOMPOSITION) 
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H77 31045 6670-NEWTON ATTITUDE-CONTROL THRUSTER USING HYDROGEN- 
OXYGEN PROPELLAJXT 

Gordon, L.H.,  (NASA, L e w i s  Research Center ,  Cleveland, OH) , NASA-TM- 
X-3523, May 1977 

A s  p a r t  o f  a program t o  develop a r eusab le ,  a t t i t u d e - c o n t r o l  
propuls ion  system f o r  t h e  space t r a n s p o r t a t i o n  system, a f l i g h t  
weight ,  gaseous-hydrogen - gaseous-oxygen a t t i t u d e - c o n t r o l  t h r u s t e r  
assembly w a s  tested.  This  r e p o r t  d e s c r i b e s  t h e  NASA t e s t i n g  of one 
of fou r  c o n t r a c t o r - b u i l t  t h r u s t e r s  t o  o b t a i n  d a t a  on c y c l i c  l i f e ,  
thermal  and hydrau l i c  c h a r a c t e r i s t i c s ,  pu l se  response,  and pe r fo r -  
mance. The b a s i c  t h r u s t e r  components w e r e  tes ted i n  excess  of  
51 ,000  p u l s e s  and 660 seconds,  s teady s t a t e ,  wi th  no degrada t ion  
of t h e  93 pe rcen t  c h a r a c t e r i s t i c  exhaus t  v e l o c i t y  e f f i c i e n c y  l e v e l .  
Nominal o p e r a t i n g  cond i t ions  w e r e  a chamber p re s su re  of 207  N / c a 2  
(300  p s i a ) ,  a mixture r a t i o  of 4 .0 ,  a p u l s e  width of 1 0 0  m s ,  and 
a p u l s e  frequency of  2 Hz. 

(ROCKET ENGINES , FUEL, PROPULSION) 

H77 32073 E M I S 3 I O N S  AND TOTAL ENERGY CONSUMPTION O F  A MULTI- 
CYLINDER PISTON ENGINE RUNNING ON GASOLINE AND A 
HYDROGEN-GASOLINE MIXTURE - 

Cassidy,  J . F . ,  (NASA, L e w i s  Research Center,  Cleveland, O H ) ,  NASA- 
TI?-D-8487, May 1 9 7 7  

. 

An experimental  program using a m u l t i c y l i n d e r  r e c i p r o c a t i n g  
engine  w a s  performed t o  extend the  e f f i c i e n t  l e a n  ope ra t ing  range 
o f  g a s o l i n e  by adding hydrogen. 
produced by a r e sea rch  methanol steam reformer w e r e  used. 
r e s u l t s  w e r e  compared wi th  r e s u l t s  f o r  a l l  gaso l ine .  
compression-rat io ,  7 . 4 - l i t e r  (472-in.3) displacement product ion 
engine  w a s  used. Apparent n a m e  speea w z s  usea t o  aescri’be the . 

d i f f e r e n c e s  i n  emissions and performance. 
and performance, i nc lud ing  apparent  f1,ame speed and enercjy l o s t  t o  
t h e  c o o l i n g  system and t h e  exhaust g a s ,  w e r e  measured over  a range 
of equiva lence  r a t i o s  f o r  each f u e l .  
e x p l a i n  t h e  advantages of  adding hydrogen t o  gaso l ine  as a method of 
ex tend ing  t h e  l e a n  o p e r a t i n g  range. 
equ iva lence  r a t i o  was extended to  l eane r  cond i t ions  by adding 
hydrogen, a l though t h e  minimum energy consumption d i d  n o t  change. 
A l l  emiss ion  l e v e l s  decreased a t  t h e  l e a n e r  cond i t ions .  Also, adding 
hydrogen s i g n i f i c a n t l y  increased flame speed over  a l l  equivalence 
r a t i o s .  
methanol reforiner were .=bout t h e  same as those  with b o t t l e d  hydrogen. 

Both b o t t l e d  hydrogen and hydrogen 
These 

A high- 

Therefore ,  engine emissions 

The r e s u l t s  w e r e  used t o  

The minimum-energy-consumption 

Engine performance and emissions with hydrogen from t h e  

( E N G I N E S ,  FUEL CONSUilQTION, E M I S S I O N ,  HYDROGEN) 
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H77 40433 THERMAL PERFORMANCE O F  AN INTEGRATED TEIERMAL PROTECTION 
SYSTEM FOR LONG-TEilM STORAGE O F  CRYOGEXIC PROPELLANTS 
I N  SPACE 

D e W i t t ,  R.L.,  Boyle, R . J . ,  (NASA, L e w i s  Research Center ,  Cleveland, I 
I 

O H ) ,  NASA-TN-D-8320, Nay 1 9 7 7  

unvented i n  space long enough t o  accomplish a Sa tu rn  o r b i t e r  
mission a f t e r  a 1200-day c o a s t .  
f l u o r i n e  r o c k e t  s t a g e  w a s  c a r r i e d  o u t  and t h e  hydrogen t ank ,  i t s  
suppor t  s t r u c t u r e ,  and thermal p r o t e c t i o n  system w e r e  t e s t e d  i n  
a vacuum chamber. H e a t  t r a n s f e r  rates of  approximately 23 W w e r e  
measured i n  t es t s  t o  s imula te  t h e  near-Earth p o r t i o n  of t h e  mission. 
T e s t s  t o  s imula t e  t h e  ma jo r i ty  of t h e  t i m e  t h e  v e h i c l e  vould be 
i n  deep space and sun-oriented r e s u l t e d  i n  a h e a t  t r a n s f e r  ra te  of 
0 . 1 1  w. 

I t  w a s  demonstrated t h a t  cryogenic p r o p e l l a n t s  can be s t o r e d  

The thermal  des ign  of a hydrogen- 

(MULTILAYER I N S U L A T I O N ,  SPACE STORAGE, L I Q U I D  HYDROGEN) 

H77 43076 THEORY OF HYDROGEN I N  L I Q U I D  AND S O L I D  METALS 
. e  

Mainwood, A . ,  Stoneham, A.M., (UKAEA Research Group, Harwell, Atomic 
Energy Research E s t a b l i s h m e n t ) ,  16 p . ,  Dec 1975, AERE-TP-644 

A method is o u t l i n e d  f o r  c a l c u l a t i n g  t h e  i n t e r a t o m i c  f o r c e s  
between i s o l a t e d  hydrogens a n d  t h e i r  h o s t  m e t a l  atoms. The method 
uses  a semi-empirical  mo lecu la r -o rb i t a l  approach f6r  a s u i t a b l e  
c l u s t e r  of  atoms, wi th  t h e  empirical paraineters f i t t e d  t o  experimental  
p o t e n t i a l  energy curves f o r  diatomic no lecu le s .  Parzmeters s u i t a b l e  
f o r  hydrogen i n  l i q u i d  o r  s o l i d  L i  and N a  are  given.  
is a p p l i e d  t o  c a l c u l a t i o n  of  s o l v a t i o n  e n e r g i e s  of hydrogen i n  
l i q u i d  L i  and N a ,  where s a t i s f a c t o r y  agreement wi th  experiment i s  
ob ta ined .  
i n  s o l i d  N a  and estimates a r e  maze of l o c a l  mode f r equenc ie s ,  t h e  
s t a b i l i t y  of t h e  t e t r a h e d r a l  s i t e s ,  l a t t i c e  r e l a x a t i o n ,  and e f f e c t i v e  
charges  and atomic r a d i i ,  
i s  a p p r o p r i a t e .  It h a s  n o t  proved ' p o s s i b l e  t o  d e s c r i b e  t h e  .poten- 
t i a l  energy s u r f a c e s  i n  terms of a sum*of two-body and volume- 
dependent t e r m s  a lone .  

The method 

Detailed p o t e n t i a l  ener-y. s u r f a c e s  are  a l s o  found f o r  H 

N e i t h e r  t h e  a n i o n i c  nor  t h e  protor , ic  l i .nrLt  . 

(POTENTIAL ENEXGY L I T H I U M ,  SODIUM) 

H77 43077 "HYDROGEN I N  METALS" 

Elsevier  Sequoia, S .A. ,  Lausanne, bound volume, 508  p . ,  1 9 7 6 ,  Pro- 
ceedings  of The Meeting On "Hydrogen i n  Metals", Univers i ty  of 
---...-..3..-...t R i m ; n p h = m  r l n < + n A  V.II-CY V<ncrdnm A\-LAA..JUUILL, vu11 T 3 -  - r - w  C - C  I La l n f c  I v 
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More than  4 0  papers  are p r i n t e d  i n  t h i s  book. They cover a 
number of s o p h i s t i c a t e d  and e l a b o r a t e  experimental  i n v e s t i g a t i o n s  
and t h e o r e t i c a l  modelling s t u d i e s  i n  t h e  f i e l d  of Hydrogen i n  Netals.  
Some important  f i n d i n g s  which were no t  a c c e s s i b l e  f i f t y  yea r s  ago 
are repor t ed  and r evea led  i n  t h i s  volume. Most promising a r e  those  
a long  t h e  fo l lowing  two l i n e s :  F i r s t :  Means of in t roduc ing  pro tons  
i n t o  metals by e l e c t r o l y s i s  a t  t empera t -xes  as low a s  2 0 0 ~ ~  as 
a p a r t i c u l a r l y  e f f e c t i v e  device  f o r  i n j e c t i n g  H atoms t o  h igher  
s a t u r a t i o n ,  w i th  consequent g r e a t e r  ex9ansion of t h e  h o s t  l a t t i c e  
than  i s  f e a s i b l e  a t  ambient temperatures;  Second: The r o l e  of 
hydrogen i n  metals i n  molten r a t h e r  t han  t h e  c r y s t a l l i n e  s ta te .  

I 

(MODEL, ELECTROLYSIS, LOW TXMPEIPATURE) 
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